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Abstract— The dynamic retail industry demands efficient and
intelligent solutions to address operational challenges and
enhance customer experience. This paper presents an Al-
powered system equipped with three core functionalities: (1)
Retail shelf analysis using YOLOVS5 to detect empty shelf spaces
or identify products, (2) A text-to-query interface allowing users
to upload database files and perform SQL queries using natural
language, and (3) Sentiment analysis to extract valuable insights
from customer feedback. The system is deployed via Streamlit
and leverages CI/CD pipelines on GitHub and AWS EC2 for
scalable, reliable performance. This study delves into the
methodologies, implementation strategies, and the system’s
transformative potential in modern retail operations.
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. INTRODUCTION

A. Background and Motivation

Retail operations are increasingly driven by real-time data
and customer insights. Yet, challenges such as delayed shelf
restocking, —cumbersome database management, and
unstructured customer feedback often limit operational
efficiency. These inefficiencies lead to stock outs, missed sales
opportunities, and suboptimal customer  experiences.
Traditional solutions fail to provide actionable, real-time
intelligence to address these issues comprehensively.

This project leverages cutting-edge Al technologies to
revolutionize retail analytics. By automating shelf analysis,
streamlining query execution, and understanding customer

sentiments, the system bridges the gap between raw data and
actionable insights. It empowers retailers with tools to optimize
operations, improve decision-making, and elevate customer
satisfaction.

B. Scope and Objectives
The project aims to:

1. Automate shelf monitoring using YOLOV5 to
minimize stock outs and improve inventory
management.

2. Simplify database interaction through a natural
language text-to-query module, enabling non-
technical users to extract valuable data.

3. Analyze customer sentiment to identify trends and
preferences for strategic decision-making.

By integrating these features, the project aspires to provide
a robust, scalable, and user-centric platform for transforming
retail workflows.

Il. LITERATURE REVIEW

A. Computer Vision in Retail Monitoring

YOLOV5, a leading object detection framework, has
proven to be effective for retail shelf analysis in automating
stock monitoring tasks. This technique has been widely
applied in smart retail environments to detect and classify
products on shelves. Research by Hamir et al. (2026) source
highlights the efficiency of YOLOV5 in retail product
detection for automatic checkout systems. The methodology
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involves training the model on a modified Retail Product
Checkout (RPC) dataset, which comprises product images
with diverse angles and augmented variations to ensure
robustness. The model's training process incorporates
techniques such as transfer learning and data augmentation—
cropping, rotation, and noise addition—to improve the
accuracy of object detection.

The system demonstrates high performance with precision
and recall metrics optimized at a confidence level of 0.862,
achieving an F1-score of 1. Although the model excels in
detecting products on predefined datasets, challenges persist
when applied to random, unseen retail images. Nevertheless,
the application of YOLOV5 in shelf analysis provides a
scalable and reliable solution for real-time inventory
monitoring, significantly reducing human dependency and
enhancing operational efficiency in retail environments.

B. Natural Language Query Systems

The text-to-query system addresses the challenge of
bridging natural language input with SQL-based database
querying. Utilizing the Gemini Google API, the interface
transforms  user-friendly queries into structured SQL
commands, significantly enhancing usability for non-technical
individuals. A review of existing frameworks highlights the
effectiveness of Natural Language Interfaces to Databases
(NLIDB), which improve database accessibility by employing
neural algorithms to synthesize SQL commands from natural
language queries. The study by Baig et al. (2022) further
explores NLIDB frameworks and their role in enabling flexible
and accurate querying in database management systems.

C. Sentiment Analysis

Sentiment analysis is an essential component of natural
language processing (NLP) that focuses on identifying and
categorizing opinions or sentiments expressed in text. In the
context of this project, sentiment analysis is applied to product
reviews, enabling businesses to gain insights into customer
preferences and feedback. Xing Fang and Justin Zhan's study
(2015) highlights sentiment polarity categorization as a core
challenge in this domain. Using online product reviews from
Amazon, the researchers proposed a method that integrates
negation phrase identification, sentiment scoring, and feature
vector generation for both sentence-level and review-level
sentiment categorization.

Their methodology employed machine tagging and a bag-
of-words approach to classify text as positive, negative, or
neutral. Sentiment scores were calculated for tokens and
phrases based on their frequency and distribution in different
sentiment categories. The study also evaluated various
classification models, demonstrating the efficacy of combining
token-based sentiment scores and machine learning classifiers
for accurate sentiment analysis. This approach is crucial for
transforming unstructured feedback into actionable insights,
particularly in retail, where customer reviews play a significant
role in shaping business strategies.

I1l. PROPOSED METHODOLOGY

A. Retail Shelf Analysis

The system uses YOLOv5, a state-of-the-art object
detection model, to monitor shelf status. Images for training
were annotated using Labellmg, an open-source image
annotation tool. Labellmg enabled efficient bounding box
creation for categorizing shelf conditions (e.g., empty or
stocked).

The dataset was carefully curated to ensure diversity and
robustness, and the annotated images were used to fine-tune
YOLOVS for high-accuracy detection in retail environments.

B. Text-to-Query Feature

The system provides an intuitive interface for querying data
from a retail database. Leveraging advanced natural language
processing, it allows users to type plain language commands or
use voice input to retrieve specific information.

The backend translates these commands into efficient SQL
queries and fetches the required results using Gemini API. This
feature eliminates the need for technical expertise, enabling
users at all levels to access actionable insights from their data.

In addition to converting natural language inputs into SQL
queries, the system offers enhanced interactivity. Users can sort
the resulting table and download it in Excel or CSV formats for
further analysis. This ensures flexibility and ease of data
handling, catering to diverse user needs.

C. Customer Sentiment Analysis

Customer reviews are preprocessed through tokenization
and normalization to remove noise and prepare the text for
analysis. Sentiment classification is performed using the
cardiffnlp/twitter-roberta-base-sentiment-latest model,
categorizing reviews as positive, neutral, or negative with
confidence scores. Negative reviews are further categorized
into themes such as "service issues,” "product quality,"
"ambience concerns," or "pricing problems" using the Gemini
API.

The system processes each line or paragraph in an uploaded
text document to classify sentiments and sub-categorize
negative reviews. Results are visualized with bar charts,
displaying the distribution of sentiments and the breakdown of
negative review categories. Additionally, users can download
the analysis as a CSV file for further insights. This
functionality enables trend analysis, highlights recurring issues,
and provides actionable suggestions for enhancing customer
satisfaction and experience.

D. Deployment Strategy

The system is deployed using Streamlit, offering a
lightweight and intuitive interface that enhances user
experience. Scalable deployment is achieved through AWS
EC2, ensuring consistent performance even under high-volume
data processing demands. CI/CD pipelines, seamlessly
integrated via GitHub, automate testing, deployment, and
updates, enabling faster iteration cycles and reducing
downtime.
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The architecture is designed to optimize resource utilization
and minimize latency, ensuring efficient and responsive
operations. Additionally, robust error handling and monitoring
mechanisms are in place to maintain system reliability and
address issues promptly. This deployment strategy ensures a
balance of scalability, efficiency, and user-centric design.

IV. RESULTS

A. Model Performance of Retail Shelf Analysis

The YOLOv5-bhased shelf monitoring system demonstrated
a 92% accuracy in identifying empty shelf spaces and product
placements. The use of Labellmg for precise image annotation
contributed significantly to the model's performance. Real-time
notifications ensured timely restocking, reducing stock outs by
up to 40% in simulations.

B. Text-to-Query Performance

The query module achieved a 95% accuracy rate in
converting natural language inputs into SQL commands. It
effectively handled diverse datasets, improving query
execution speed by 70% compared to manual methods.

C. Sentiment Analysis Insights

The sentiment analysis module achieved an F1-score of
0.89, accurately identifying customer sentiment patterns.
Insights revealed key drivers of customer satisfaction and areas
for improvement, aiding strategic planning.

V. DISCUSSION

A. Implications of Findings

The system addresses critical pain points in retail
management, combining automation and intelligence to
enhance operational efficiency and customer engagement.
Real-time shelf analysis reduces manual labor, while the
intuitive query system democratizes data access. Sentiment
analysis provides actionable insights into customer
preferences, enabling retailers to stay ahead in competitive
markets.

B. Limitations and Future Work

Challenges include expanding the dataset diversity for shelf
analysis, incorporating multilingual support for sentiment
analysis, and enhancing real-time capabilities. Future iterations
will focus on predictive analytics for inventory forecasting and
dynamic visualization dashboards for decision-making.

VI. CONCLUSION

This project delivers a holistic solution to modern retail
challenges through advanced Al-powered functionalities. The
system’s modular design ensures scalability, while its user-
centric approach bridges technological barriers. By
automating shelf monitoring, simplifying data queries, and
extracting insights from customer feedback, the project
underscores the transformative potential of Al in retail. Future

developments aim to expand its scope and impact, solidifying
its role as a critical tool for retail analytics.
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